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 1 | INTRODUCTION 
 
In modern times, a linguist embarking on a journey to perform fieldwork on a language 
faces a large array of choices to be made. These choices start even before any real preparations 
for the journey have been made, since the linguist first has to decide which language he or she will 
be working on. After this, decisions have to be made on what data to collect, how to travel to the 
fieldwork destination, where to stay for the nights, how to reward the consultants, how to arrange 
for nutrition and which technical equipment to carry along. It is this last category which is of 
interest in this thesis: the audio equipment which almost all linguistic fieldworkers carry with 
them. 
 There are already quite a few words of advice written on performing linguistic fieldwork, 
examples include the works by Bowern (2008), Newman & Ratliff (2001), Sakel & Everett (2012), 
Chelliah & Reuse (2011), Podesva & Sharma (2014), Ladefoged (2003) and Crowley (2007). 
Taking the well-known work of Bowern (2008) as an example, advice is given on recording data 
in the field, describing the phonemes of the languages researched, organizing and archiving the 
data collected, eliciting data, choosing the best location and circumstances to perform the research 
and much more. Bowern’s work also includes a chapter on making audio (and video) recordings 
as well as recording equipment, though she only makes a short remark on which features of the 
equipment to watch out for and which settings to choose to obtain the best recording. She does 
however, thoroughly discuss how to make the best recording – i.e. under which circumstances and 
how to place the microphone, for example. Though these guidelines are absolutely useful and 
necessary to consider while preparing for a fieldwork journey, it does not offer enough 
information for a well-considered choice on which equipment and which settings to use. 
 In the work by Ladefoged (2003), a more complete instruction is given on which settings 
to choose for recordings made in linguistic fieldwork, including a basic technical explanation of 
what the linguist is actually changing by altering these settings. The interesting details will be 
outlined in section 2.3 (Recording quality). It is surprising to see, however, that even in this 
manual, there is no experimental evidence given as a basis for these choices. It seems that most 
researchers have rather clear visions on how to achieve the best recordings, but that these are not 
based on empirical research. Still, it has to be admitted that quite a few choices can indeed be 
made by understanding how the technology and speech production work, such as not placing the 
microphone immediately in front of the mouth but slightly to the side to prevent the bursts of air 
in plosives or fricatives from disturbing the sound (Ladefoged, 2003). Furthermore, it is important 
to mention that Bowern (2008) also states that a linguist must take into consideration that even 
though a low quality recording might suffice for his or her pragmatic research, a high quality 
recording of the same data might be useful for a phonetician years later for a study of the same 
language. Thus it seems that obtaining a recording with as high a quality as possible is indeed 
quite an important matter. 
 In this thesis, some of the claims made in fieldwork manuals will be empirically tested: a 
perception study on different recording qualities was performed, in order to determine how to 
obtain a recording with the best quality possible. Sadly, it was not possible to perform a complete 
research on all the possible settings and types of devices (including microphones, audio recorders 
and playback devices) within the scope of this thesis. It is for this reason that this research should 
be seen as a starting point for further research on this topic. Also, it was not possible to include a 
set of data representative for all languages or even for a certain type of sounds. The research 
reported in this thesis only focusses on four fricatives – /f/, /v/, /s/ and /z/ - in the Dutch 
language.  
 Before the research is presented in which the aforementioned claims are empirically 
tested, first a short note of background information will be given on the Dutch fricatives that are 
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used as stimuli, as well as some comments on empirical research on fricative perception. Also, a 
definition of recording quality, as used in the reported research, will be given, after which the 
research question and hypotheses will be stated. In the next section, the methodology will be 
thoroughly explained, as to make a reproduction of this experiment as accurate as possible. 
Finally, the results of the research will be shown and discussed, after which a conclusion with 
methodological implications will be drawn.
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 2 | BACKGROUND 
 
 2.1 | Dutch fricatives 
 This study is based on Dutch language data – for this reason, a short introduction on Dutch 
will be given first. This language is spoken as a mother tongue by 15.7 million speakers in the 
Netherlands and almost 22 million worldwide. The language is used in all aspects of daily life in 
the Netherlands, and is classified by Ethnologue as EGIDS-level 1: a de facto national language, 
used in education, work, mass media and the national government. The language is classified as 
Indo-European, further belonging to the West-Germanic branch. A notable fact is that 13.9 million 
speakers of Dutch speak English as a second language, 11.2 million speak German and more than 
4.5 million speak French (Lewis, Simons & Fennig, 2014). 
 The Dutch language contains 13 vowels and three diphthongs (Gussenhoven, 1992; 
Rietveld & Van Heuven, 2009), along with a typologically medium-sized set of consonants – the 
exact amount of consonants differs strongly with different analyses: Rietveld & Van Heuven 
(2009) report 25 consonants, Gussenhoven (1992) reports 23 and Mees & Collins (1982) 21. 
Although there seems to be no consensus on the number of consonants present in the language, 
the amount of fricatives reported is quite stable. In general, the accepted theory is that the 
following fricatives are present in the Dutch language: /f/, /v/, /s/, /z/, /ʃ/~/ɕ/, /ʒ/~/ʑ/, 
/ç/~/x/~/χ/ and /h/~/ɦ/.  
As can be seen, there is still some debate on which precise realizations are to be attributed 
to each phoneme, but this is mostly due to regional differences. Concerning the realization of 
/ç/~/x/~/χ/, this regional influence is one of the most salient in the language: whereas the /x/ 
has a more palatal or velar sound [ç] ~ [x] in the southern part of the Netherlands, it is realized as 
a strongly uvular [χ] in the Northern part of the Netherlands (Mees & Collins, 1982). Whether the 
/h/ is realized with or without voicing is still a point of debate, as well as the difference between 
/ʃ/~/ɕ/ and /ʒ/~/ʑ/, however these differences will be of no further concern in this thesis. In 
fact, the existence of these latter two fricative pairs as phonemes is also disputed, since they only 
exist as a result of assimilation of /s/ followed by a palatal (such as ‘tas’ [tɑs] “bag” ~ ‘tasje’ 
[tɑʃə]/[tɑɕə] “small bag”) or in loanwords, such as ‘sjouwen’ [ʃɑʊʋə]/[ɕɑʊʋə] “carry” (from 
Frisian) or ‘jus’ [ʒy]/[ʑy] “juice” (from French) (Johnson & Babel, 2009).  
The fricatives /f/, /s/ and /z/ are, on the other hand, rather straightforward, as all sources 
referred to in this section agree on their realizations as [f], [s] and [z], respectively. The exact 
realization of the phone /v/ is disputed, however, since Mees & Collins (1982) state that it is 
actually realized as [f̬] – a voiced version of the voiceless fricative [f]. However, Gussenhoven 
(1995) and Rietveld and Van Heuven (2009) do give the realization [v], indicating that there is 
still some discussion on the exact realization of /v/. Of these four fricatives, /s/ is the most 
common in Dutch, appearing in 10% of the 124,096 words in the CELEX-database which have a 
frequency of more than 1:1,000,000. The fricative /v/ appears in 5% of these words, and both /v/ 
and /z/ appear in 2% of the words. In comparison, /p/ appears in 5% of the words, /l/~/ɫ/ in 
10%, /ʋ/ in 3% and /t/ in 11% (Baayen, Piepenbrock & Gulikers, 1995). 
One final phonological factor needs to be discussed in order to correctly understand the 
perception of Dutch fricatives: the final devoicing. As discussed in Wetzels & Mascaró (2001), 
quite a stable process of final devoicing is present in the Dutch language, causing all fricatives to 
lose their voicing in a syllable-final position. This devoicing is also present in plosives, causing 
codas to normally be realized without voiced consonants, with the exception of an assimilation 
process with any voiced word-initial consonant, such as [kɑs] + [buk] > ‘kasboek’ [kɑzbuk] “cash 
book” (Wetzels & Mascaró, 2001). 
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 2.2 | Fricative perception 
 As this experiment aims to determine at which recording qualities the perception of 
fricatives deteriorates, a general overview of the research so far on cues for perception has to be 
given. 
 The first, major cue used to distinguish between several fricatives, is to be found in the 
spectrum. Rietveld and Van Heuven (2009) state that, in general, articulation differences can be 
found in the shape of the spectrum. For different places of articulation of a fricative (compare [s] 
– [x]), a different spectral shape is to be expected. This shape, according to Jongman, Wayland and 
Wong (2000) can be determined with the first four mathematical moments: the mean, variance, 
skewness and kurtosis. In this analysis, the mean is used to denote the location of the strongest 
concentration of energy (frequency amplification), the variance indicates the spread of this 
concentration, the skewness represents the frequencies at which the energy concentration is at 
its highest (a positive skewness point towards relatively strong amplification of the lower 
frequencies, a negative skewness towards relatively strongly amplified high frequencies and a 
skewness of zero indicates a perfectly symmetrical distribution of energy) and finally, the kurtosis 
shows the steepness and height of this spectral peak. In their research, they found that for both 
place of articulation and for voicing, a significant difference in the four moments was to be found 
between the observed fricative pairs /f/~/v/, /θ/~/ð/, /s/~/z/, /ʃ/~/ʒ/ – only for the place of 
articulation there was no significant difference found in the kurtosis value.  
Since in this research only the fricatives /f/, /v/, /s/, /z/ are used, it is important to note 
that Jongman et al. did not compare the mean frequencies of /f/~/v/ versus /s/~/z/ (but those 
of /f/~/v/ versus /θ/~/ð/). Furthermore, they report a significant higher variance for the 
sibilants and no significant difference in kurtosis for /f/~/v/ versus /s/~/z/. Concerning the 
voicing of the fricatives, on the other hand, the researchers did find significant differences: for the 
mean frequencies, skewness and kurtosis a significant difference between /f/~/s/ and /v/~/z/ 
was found. The voiceless fricatives had a higher mean frequency, higher skewness and higher 
kurtosis, indicating that these sounds have the higher frequencies more amplified than voiced 
fricatives and have a steeper peak which is found among lower frequencies than in /v/~/z/. 
 Where Jongman et al. (2000) did not find any significant difference in kurtosis in 
comparing /f/~/v/ to /s/~/z/, Ali, Van der Spiegel and Mueller (2001) did find a significant 
difference in the same comparison. Although the latter team of researchers did not use the term 
kurtosis, they did report a significantly steeper peak in sibilant fricatives. Also, they found that 
this peak was higher in sibilants than in non-sibilants, indicating a higher kurtosis. For non-
sibilants, they found that amplification took place in a wide band of frequencies, resulting in a 
rather flat spectrum. 
 Ali et al. (2001) also observed the effects of formant transition on the perception of 
fricatives, as well as the duration of the sound, but no strong evidence was found to accept these 
as a valid cue on their own. However, relative amplitude did seem to play an important part in a 
correct perception. In line with studies by Behrens & Blumstein (1988) and Hedrick & Ohde 
(1993), Ali et al. define relative amplitude as not only the ratio between two or more fricatives – 
of which one is presented to the listener, who in turn compares it to sounds stored in the memory 
-  but also as the ratio between the fricative and the preceding vowel. Whereas Behrens & 
Blumstein only report a marginal result, and especially find an effect in enhancing [f] to match the 
frequency of [s], Hedrick and Ohde report a stronger result. They state that their findings indicate 
a bigger role for relative amplitude than for formant transition; the influence of relative amplitude 
is attributed to the short term memory, as the effect was still found with a short silence between 
a vowel and the following fricative. Thus, it is hypothesised that the amplitude of the vowel is 
stored in the short-term memory, and compared to the fricative which is perceived next. In turn, 
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Jongman et al. (2000) report a highly significant difference in relative amplitude between the 
fricative pairs [f]~[v], [θ]~[ð], [s]~[z] and [ʃ]~[ʒ]. 
 Both Hedrick and Ohde (1993) and Behrens & Blumstein (1988) agree on the fact that 
relative amplitude on its own is also not a cue which in isolation would lead to a correct perception 
of the fricative, but that it does play an important role. According to them, perceiving a fricative 
correctly – both in terms of place of articulation and of voicing – requires an analysis of the so 
called ‘spectral prominence’ by the listener, of which the most important parts are the relative 
amplitude and spectral shape. Hedrick and Ohde further state that comparing the amplitude of a 
vowel and a fricative influences the way in which the fricative is perceived, in terms of its place of 
articulation. 
 
 2.3 | Recording quality 
 As stated in the introduction of this thesis, Bowern (2008) has written a passage on how 
to obtain the best recording quality in the field, though she does not cover many of the technical 
details concerned with making a recording. In this section she states that the quality of a recording 
can be measured by fidelity to the input and by the relative loudness of the data as compared to 
the background noise – the latter is also known as the signal-to-noise ratio. Another machine-
internal factor she describes, is the faithfulness at which the machine can record the sounds 
presented, as some recording devices lose information in the process of recording, processing and 
playing back sound. Bowern does not really address any details on sampling rate; she simply 
states that many linguists use a sampling frequency of 22,050 Hz – indicating that all sounds with 
a frequency of 11,025 Hz or lower are recorded.  
Another technical factor described by Bowern is the bit depth, which can described as the 
number of ‘levels’ that a digital recorder is able to use to determine the amplitude of a sound. For 
example, a bit depth of 16 bits will provide 216 = 65,536 different levels of amplitude that can be 
used to encode a sound. According to Bowern, the bit depth is best kept on either 16 bits or 24 
bits, and she states that there is a vast difference in opinions on this topic between different 
linguists. Bowern concludes this passage with stating that it is important to consider the file 
format used to encode the sound: there is a large difference between lossless formats as WAV and 
lossy formats such as MP3 – with the latter performing a proprietary algorithm to encode the 
sound. 
 In the work by Ladefoged (2003) on analysing phonetic data a similar passage is written, 
though Ladefoged includes some more technical details. For most factors, Ladefoged seems to 
agree with Bowern, though he adds that for most phonetic analyses, a sample rate of 11,025 Hz 
will be enough, as most information in vowels lies below 5,000 Hz. In another work by Ladefoged 
(1996), he further states that recordings with a bit depth of 8 bits will have recorded sound up to 
48 dB (20 times the log of the number of amplitude levels – 2bit depth), while at 16 bits, 96 dB will 
be recorded. The latter range is enough to capture almost all sounds a human can hear without 
damaging the ear.  
 In this thesis, the factors relative amplitude, sampling rate and bit depth will be of large 
concern, since they are two factors of recording quality that can be easily manipulated when 
recording in the field and it is yet unknown what the precise effects of altering these factors are 
on the perception of human speech. 
 
 2.4 | Research question 
The main research question covered in this thesis is the following: 
Research question: To which extent does quality of recording affect the perception  
 of Dutch fricatives? 
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 As to be found in many fieldwork manuals (Bowern, 2008; Ladefoged, 2003; as examples), 
it is hypothesised that when recording quality deteriorates, it will be more difficult to correctly 
perceive the recorded sounds. Also, there will be a cut-off point which forms the border between 
a ‘good-enough’ recording (i.e. one that can be used for a wide range of research, including 
phonetic analyses) and a ‘not-good-enough’ recording (i.e. one that could be used for pragmatic 
research, but will pose difficulties for (morpho-)phonological research and will be rather 
unusable for phonetic analysis). 
 In order to test these hypotheses, a perception experiment was set up. The sound class of 
fricatives was chosen since they are easily recognisable, both for the participant and for the 
researcher (in terms of acoustic cues, but also of visual clues in spectrograms, for example) and 
the cues used to perceive this class of sounds have been rather clearly determined in previous 
research. In this experiment, four fricatives were used, namely /f/, /v/, /s/ and /z/. As stated in 
section 2.1, the existence of these fricatives in the Dutch language is not debated (except for the 
exact realization of /v/ as [v] or [f̬]), in contrast to the other fricatives. 
 Based on the literature discussed in this chapter, a choice was made to include the relative 
amplitude, bit depth and sample rate as quality variables in this experiment. For the bit depth, 
four levels were determined: 32 bit, 16 bit, 8 bit and 6 bit. Whereas the difference between 32 bit 
and 16 bit provide enough discussion in the literature as stated above, a bit depth of 8 bit or 6 bit 
will most likely never be chosen for any fieldwork recording. However, in order to demonstrate 
that a low bit rate does indeed affect the perception of fricatives, these levels were still included, 
as a strong effect for this factor was expected. For sample rate, the three most common 
frequencies were chosen: 44,100 Hz, 22,050 Hz and 11,025 Hz. Lastly, concerning the relative 
amplitude, even though there might only be a small chance that relative amplitude will be 
distorted in field recordings, this effect might still be present. This could be caused by using a low 
quality microphone, or by not paying enough attention in positioning the microphone, causing 
incorrect or imprecise registration of some differences in amplitude. 
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 3 | METHODOLOGY 
 
 3.1 | Design 
 The perception experiment reported in this thesis has been made in E-Prime 2.0 (build 
2.0.10.242) existed of eight blocks in total, which contained a grand total of 96 stimuli – see figure 
1 below for a schematic overview of these blocks. First of all, participants were given an oral 
explanation of what was expected of them, and of what they were to see and hear during the 
experiment. An equivalent explanation was then displayed on the computer screen. After the 
participant indicated that the experiment could be started, a practice phase began in which eight 
stimuli which were not used for any analysis were presented. The only difference between the 
practice and the real stimuli was the vowel after which the target fricative is heard – in the practice 
stimuli [y] was used, whereas the real stimuli contained the Dutch vowels [a], [i] and [oʊ].  
Figure 1: Schematic overview of the blocks as present in the experiment. 
 
After the practice block, the participant was shown a text display indicating the beginning 
of the real experiment. The first four stimuli in the first block were used as a warmup, again with 
stimuli containing the vowel [y], as the participant might need to adjust to the setting of a real 
experiment; it is to be expected that the reaction time and accuracy to the first few stimuli will be 
little worse than to the latter stimuli. After this phase, the actual logging of responses began with 
twelve stimuli presented with an inter-stimulus interval of 2000 ms. During the experiment, the 
participant was shown the text “Luister naar het woord. Welke wrijfklank hoor je? Druk op de 
juiste toets: F V S Z” (translation: “Listen to the word. Which fricative do you hear? Press the correct 
key: F V S Z”). Each block thus consisted of twelve stimuli – each fricative was represented thrice, 
in the context of the three different vowels used. In this experiment, seven different recording 
qualities were used, thus five qualities were repeated once in each block. The stimuli were divided 
into the blocks in such a way, that every combination of fricative × vowel × recording quality was 
presented only once to each participant. In this way, 84 unique stimuli were used (four fricatives 
× three vowels × seven qualities), which were counter-balanced in the seven blocks, in order to 
prevent any unwanted learning effect or inter-stimuli influences. The order of stimuli within the 
blocks were also randomised, but the blocks themselves appeared in the exact same order to each 
participant. See figure 2 below for a schematic overview of this design. 
 
 
Figure 2: Schematic overview of the procedure of the experiment, within one block. 
 
 3.2 | Stimuli 
 As stated above, a grand total of 84 stimuli were used to gather reaction time and accuracy 
rates from the participants. The stimuli were carefully chosen, taking care to dismiss as many side 
effects as possible. 
Practice Warmup Block 1 Block # Block 7
Audible stimulus 1
Reaction participant
(max. 2000 ms)
Audible stimulus #
Reaction participant
(max. 2000 ms)
Audible stimulus 12
Reaction participant
(max. 2000 ms)
Display: 
"End of block #."
Visual instruction 
Perceiving Fricatives in Harsh Circumstances  Methodology 
Thomas Jansen 
 
10 
 
The stimuli are non-words, consisting of the fricatives [f], [v], [s] and [z] in the following 
context: [t V F ə], where [F] denotes the fricative and [V] a vowel. The vowels used were [a], [oʊ] 
and [i] (note that the /o/ is realized as a weak diphthong), giving the following 12 stimuli: 
 
 [a] [oʊ] [i] 
[f] tafə toʊfə tifə 
[v] tavə toʊvə tivə 
[s] tasə toʊsə tisə 
[z] tazə toʊzə tizə 
Table 1: Overview of the different stimuli used. 
 
 These stimuli were recorded in a soundproof room with a native male speaker of Dutch, 
who was 20 years old and a student of Linguistics at Leiden University. Beforehand, he was not 
explained the exact goal of the research, though he was asked to read the words presented to him 
(the stimuli) as clearly as he could, with paying extra attention to the fricatives. The stimuli were 
presented to the speaker on a computer monitor, one at a time, in Dutch orthography (thus, [toʊfə] 
was presented as <tofen>, comparable in morphology to any standard Dutch verb). The recording 
was made with Adobe Audition CS6 (version 5.0.2 build 7), a Sennheiser MKH416T microphone 
and a Roland Quad Capture UA-55 audio capturing device, at a bit depth of 32 bit and a sampling 
rate of 44,200 Hz. The sound file with all stimuli was saved as a WAV-file. Next, Praat (version 
5.3.79; Boersma & Weenink, 2014) was used to segment the raw sound file and isolate each 
stimulus, creating twelve separate sound files. A few weeks later, another recording session was 
performed with the exact same set-up and settings, to record the practice and warm-up stimuli – 
the same fricatives as the real stimuli, but with the vowel [y]. 
 
 3.3 | Altered stimuli 
 After all stimuli were isolated, the process of creating different recording qualities could 
be started. In order to make sure that the only difference between the recording qualities lied in 
the factor that was altered, the same basic sound files (at a bit depth of 32 bit and a sample rate of 
44,200 Hz) were used. For each recording quality factor used (sample rate, bit depth and relative 
amplitude), several levels were determined, based on the available settings in most devices and 
on the literature as discussed in section 2.3 (Recording quality). The levels determined are shown 
in table 2 below. 
 
 Sample rate Bit depth Relative amplitude 
Original recording 44,200 Hz 32 bit Non-altered 
Altered recordings 
22,050 Hz 16 bit Altered 
11,025 Hz 8 bit 
6 bit 
Table 2: Overview of all recording qualities used. 
 
 In altering the relative amplitude, it was important to make sure that participants would 
no longer be able to use this cue in perceiving the fricative. To achieve this, the ratio between each 
vowel – fricative pair had to be made equal, thus preventing a comparison of the fricative to the 
preceding vowel – by equalising the ratio of each stimulus. To determine the exact altered 
amplitude for each stimulus, Praat was used to extract the average amplitude from each vowel 
and each fricative. Next, the vowel/fricative-ratio for each stimulus was determined by dividing 
the average vowel amplitude by the average fricative amplitude. From each ratio, an average was 
computed, which served as the target ratio for each fricative. Finally, the target fricative amplitude 
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for each stimulus was calculated by dividing the vowel amplitude by the average vowel/fricative-
ratio, and again Praat was used to alter the average amplitude of each fricative to match the 
average vowel/fricative-ratio. The amplitudes and ratios are presented in table 3 below. 
Oscillograms of the original stimuli and the altered stimuli are compared in appendix 1 (Section 
8.1).  
 
 
Vowel 
amplitude 
Fricative 
amplitude 
Vowel/Fricative-
ratio 
New fricative 
amplitude 
tafə 66.31 51.47 1.288 55.62 
tasə 65.79 57.70 1.140 55.18 
tavə 65.56 51.49 1.273 54.98 
tazə 65.71 59.68 1.101 55.10 
tifə 64.88 51.78 1.253 54.41 
tisə 63.84 57.93 1.102 53.54 
tivə 65.07 51.11 1.273 54.58 
tizə 63.12 58.21 1.084 52.94 
toʊfə 66.16 51.10 1.295 55.49 
toʊsə 66.16 59.04 1.121 55.49 
toʊvə 67.72 54.79 1.236 56.80 
toʊzə 65.98 57.84 1.141 55.34 
Average 65.52 55.18 1.192 54.96 
Table 3: Amplitude (dB) and amplitude ratios of all stimuli used. 
 
 In order to alter the sample rate, a less complicated series of steps was followed: the built-
in function of Praat (version 5.3.79) to use a pass-Hann-band filter was used. The filter was applied 
twice, once while passing all frequencies lower than 22,050 Hz and once passing all frequencies 
below 11,025 Hz. Again, all adjustments were made on the originally recorded stimuli. The spectra 
of these adjusted stimuli are compared to the original stimuli in appendix 1. 
 Praat does not, however, have a built-in function to adjust the number of bits present in 
the recording, so a script (nBits)1 was used to achieve this. This script introduces quantization 
noise, which simulates a situation in which the recording was made at different bit depths. 
Again, oscillograms of the altered stimuli are compared to the original stimuli in appendix 1. 
 
 3.4 | Participants 
 For this study, 40 participants were sent an invitation via Facebook to take part in a 
perception experiment, to which 34 replied. These participants have a mean age of 22.15 (SD = 
6.3) and all but three are students at Leiden University. Two of thesehese three participants are 
currently not enrolled in any education, but have been so in the past. Of the 34 participants, 20 
are female (58%) and 21 are enrolled in the Linguistics programme at Leiden University (61%). 
Concerning differences in the ways of typing, three participants are left-handed (8%), 17 
participants are able to type with all ten fingers (50%) and 20 participants indicated that they use 
touch-typing (58%). It is to be assumed that participants that are able to use touch-typing and 
those that can type with ten fingers will be quicker in responding (pressing the correct key) than 
those that are not able to do so. Another factor that could be of interest, is the languages that the 
participants speak. For 32 of them, Dutch is their mother tongue (94%), one speaks Frisian as his 
mother language (3%; this participant also considers Dutch to be his mother tongue), and one 
Russian, though this participant speaks Dutch fluently. Lastly, as explained in section 2.1 (Dutch 
fricatives), the region in which the participant was born and has lived, could influence the 
                                                          
1 Many thanks to Jos Pacilly from Leiden University for writing and sharing this script. 
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perception of the fricatives due to dialectal differences. For this experiment, three dialectal 
regions have been determined, based on the work by Daan & Blok (1969): cities in the Western 
Netherlands, non-metropolitan areas of the Western Netherlands (both combined in the 
‘Hollands’ dialect) and the Eastern Netherlands (Dutch Low Saxon). The map below (figure 3) 
shows the regions discussed. Although the Southern and South-Eastern Netherlands could also be 
classified as a dialectal region, no participants were born in these regions, thus they are 
disregarded in this experiment. 11 participants (32%) were born in the city-Hollands region, 10 
(30%) were born in the non-metropolitan-Hollands region and 13 (38%) participants were born 
in the Dutch Low Saxon region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 3: Map of the dialectal regions used in this experiment. 
Map obtained from D-Maps.com; http://d-maps.com/carte.php?num_car=2458&lang=en. 
Hollands is shown in light grey, Dutch Low Saxon in dark grey and City-Hollands is represented by 
dark grey circles within the Hollands area. 
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 3.5 | Data collection 
 With all the stimuli altered and saved as 84 separate files and the E-Prime experiment set 
up, the actual collection of data was performed at Leiden University in a time span of about one 
week. The experiment was run on a 64-bit HP Pavilion 17-e101ed laptop (Intel Core i7 processor, 
12 GB RAM and a 2048 MB ATI Radeon graphics card, running on Windows 8.1) and the stimuli 
were presented to the participants through a brandless headset, which covered the ears of the 
participant but was not fully noise-blocking. At Leiden University, a quiet hallway was sought in 
order to prevent the participants from being distracted too much. Even though the collection took 
several days, the environment in which the data was collected each day was highly comparable in 
terms of distractions (physical surroundings, other students and staff walking by) and noise 
levels. The choice to not run the experiment in the soundproof room used to record the stimuli 
was not a fully deliberate one: at the time of running the experiment (June) there were many other 
students who were running production experiments for their thesis, thus the sound-proof room 
was almost fully booked each week. In opting for an alternative setting, the amount of data that 
could be collected increased rapidly, thus in this case, quantity was chosen over quality. However, 
any potential effect of the location at which the data was collected was likely small, as all 
participants indicated that they did not feel that they were distracted during the experiment. 
Before the actual experiment was presented to the participants, a pre-test was run, in order to 
collect necessary sociolinguistic data from the participants. The full pre-test and a translation are 
presented in appendices 2 and 3, respectively. The full result of the pre-test is outlined in appendix 
4. This metadata include the age and gender of the participant, which education they are (or were) 
enrolled in, information on their ease of typing on a computer keyboard (touch-typing, typing with 
all ten fingers and handedness), their place of birth, their history in places they have lived in and 
which languages they speak (both as their first and as a second language). 
 
 3.6 | Data analysis 
 After all 34 participants had completed the experiment, all separate datasets created by E-
Prime were merged into one dataset, which was copied to a spreadsheet in Excel in order to 
restructure the data. Information on the reaction time, accuracy, response given and the correct 
response was gathered and combined with the metadata of each participant. Next, this datasheet 
was entered into SPSS, in order to run any statistical analysis necessary to answer the research 
question.
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 4 | RESULTS 
 
 4.1 | Sociolinguistic variables 
First of all, quite a variation between the participants was found in both reaction time and 
in accuracy. Six of the 34 participants were excluded from any further analysis based on their 
accuracy or reaction time. These participants differed significantly from the mean scores, scoring 
below one SD away from the mean accuracy (0.857, SD = 0.102) or having a reaction time higher 
than one SD away from the mean (1094.611 ms, SD = 92.834); see figures 4 and 5 for a graphical 
representation of these results. Except for one participant, the low scores of these participants 
cannot be linked to any sociolinguistic variable accounting for the significant difference, thus it is 
hypothesised that the participants performed worse than they normally would, possibly due to a 
bad day (one participant had an allergic reaction during the experiment). Only for participant 23 
it is hypothesised that age played an important role in the low accuracy: the participant had an 
age more than five SD above the mean, thus hearing impairment may well be the cause of this 
difference in scores. The participants excluded on accuracy had an accuracy rate of 0.69, 0.75, 0.52 
and 0.67; those excluded on reaction time had an average of 1244.47 ms and 1368.11 ms. After 
the exclusion of these participants, the remaining 28 participants still showed a degree of 
variation, which was to be expected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 4 & 5: Mean accuracy (0 to 1) and reaction time (ms) for all participants. The solid line represents the mean,  
 the dotted line is one SD away from the mean and the dashed line is two SD away from the mean. 
 
 The remaining 28 participants did not show any significant difference in their results with 
respect to almost all the sociolinguistic variables (gender, age, region born and languages spoken). 
There was a significant difference in accuracy between participants who could type with ten 
fingers and those who could not (t (26) = -2.407, p = 0.023). However, since no significant 
difference was found for this variable with all 34 participants included, and no significant effect 
was found in the handedness of the participants and whether they used touch-typing or not – and 
the fact that participants who could type with ten fingers scored lower than those who could not 
- it is believed that the significance in typing with ten fingers is caused by an artefact in the data. 
Another sociolinguistic factor resulted in a significant difference in accuracy: the education of the 
participant. For this factor, students of Linguistics were compared to non-Linguistics students, 
and it was shown that Linguistics students on average had a higher accuracy (t (26) = 3.863, p = 
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0.001) and a slightly (not significantly) lower reaction time. For accuracy, the difference is shown 
to be rather small, as the mean accuracy for the Linguistics student is 0.91 (SD = 0.04) and for the 
non-Linguistics students 0.84 (SD = 0.07). See figures 6 and 7 below for a graphical representation 
of these comparisons.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 6 & 7: Mean accuracy (0 to 1) and reaction time (ms) in a comparison of students of Linguistics and non-Linguistics 
 students. 
 
 4.2 | Vowels 
 As three different vowels were used to form a context for the fricative, a oneway ANOVA 
was performed to compare these vowels. This test showed a significant difference at a 95% 
confidence interval for accuracy (F (2, 2361) = 5.653, p = 0.004) and for reaction time (F (2, 2361) 
= 8.046, p < 0.001), indicating that there is an effect of the vowel preceding the fricative on 
perception of this fricative. Bonferroni post-hoc tests revealed that the vowel [oʊ] differed 
significantly from the other vowels [a] and [i], both on accuracy and on reaction time. Fricatives 
which were preceded by the vowel [oʊ] were perceived significantly more slowly and were 
significantly more often incorrectly perceived than those preceded by [a] or [i]. The mean 
accuracy and reaction time, split per vowel, as well as the significance values are presented in 
tables 4 - 7 below; the mean accuracy and reaction time, split per vowel, are visualised in figures 
8 and 9 below. 
 
Vowel Mean SD 
[oʊ] 0.86 0.35 
[a] 0.90 0.30 
[i] 0.86 0.35 
Table 4: Mean and standard deviations for accuracy, Table 5: Mean and standard deviations for reaction 
    comparing all vowels.    time, comparing all vowels. 
 
 
 
 
 
Table 6: Significance values from Bonferroni post-hoc Table 7: Significance values from Bonferroni post-hoc 
tests, comparing all vowels on accuracy.               tests, comparing all vowels on reaction time. 
Vowel Mean SD 
[oʊ] 1064 217 
[a] 1048 233 
[i] 1093 236 
 [oʊ] [a] 
[oʊ] -  
[a] 0.033 - 
[i] 0.000 n.s. 
 [oʊ] [a] 
[oʊ] -  
[a] 0.007 - 
[i] 0.019 n.s. 
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Figures 8 & 9: Mean accuracy (0 to 1) and reaction time (ms) in a comparison of the three vowels preceding the stimulus 
           fricative. 
 
 4.3 | Fricatives 
In order to compare the different fricatives, a Oneway ANOVA was used, again at a 95% 
confidence interval. This ANOVA showed that the four fricatives were not perceived equally, as a 
significant difference was found both for accuracy (F (3, 2338) = 36.721, p < 0.001) and for 
reaction time (F (3, 2338) = 50.374, p < 0.001). From Bonferroni post-hoc tests it became clear 
that this difference was mainly caused by the fricative [f], which was on average perceived less 
correctly than the fricatives [s], [z] and [v]. Also, reaction time was higher for stimuli containing 
[f] than for the other stimuli. The mean accuracy for [f] (0.79, SD = 0.41) lies well below the overall 
average accuracy for the 28 participants (0.89, SD = 0.06) and the mean reaction time concerning 
[f] (1090 ms, SD = 230) also lies higher than the overall mean (1068 ms, SD = 72). It is also 
interesting to note that participants perceived the stimuli containing [v] more slowly than the 
other fricatives, as the mean reaction time for this fricative is 1155 ms (SD = 208), lying 
approximately 1.20 SD above the overall mean reaction time. This shows that participants 
generally had more difficulty in correctly perceiving the labiodental fricatives than the alveolar 
fricatives. All values split per fricative are presented in tables 8 – 11 below. 
Fricative Mean SD 
[f] 0.79 0.41 
[s] 0.95 0.22 
[v] 0.90 0.30 
[z] 0.95 0.23 
Table 8: Mean and standard deviations for accuracy, Table 9: Mean and standard deviations for reaction 
    comparing all fricatives.    time, comparing all fricatives. 
 
 
 
 
 
 
Table 10: Significance values from Bonferroni post-hoc Table 11: Significance values from Bonferroni post-hoc 
      tests, comparing all fricatives on accuracy.     tests, comparing all fricatives on reaction time.   
Fricative Mean SD 
[f] 1090 230 
[s] 1017 175 
[v] 1155 208 
[z] 1055 182 
 [f] [s] [v] 
[f] -   
[s] 0.000 -  
[v] 0.000 0.000 - 
[z] 0.000 0.006 n.s. 
 [f] [s] [v] 
[f] -   
[s] 0.000 -  
[v] 0.000 0.027 - 
[z] 0.000 n.s. n.s. 
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Furthermore, it is interesting to note that [f] is incorrectly perceived as [v] in almost a fifth 
of all cases (19.7%) and is almost never confused with [s] (1%) or [z] (0.2%). In general, it seems 
to be the case that the voiced-unvoiced contrast is more difficult to perceive correctly than the 
place of articulation and that the [f/v] contrast is more difficult than the [s/z] contrast (a 
hypothesis which is reinforced by the findings in the previous paragraph), as [v] is perceived as 
[f] in 9.5% of all cases containing the fricative [v]. All incorrect perception rates are presented in 
table 12 below. 
 
Correct fricative 
[f] [s] [v] [z] 
Participants’ 
response 
[f] - 0.7% 9.5% 0.0% 
[s] 1.0% - 0.2% 2.4% 
[v] 19.7% 2.5% - 3.0% 
[z] 0.2% 1.7% 0.2% - 
Table 12: Overview of the incorrect perceptions by all participants. The columns represent the presented fricative, the  
  rows represent the response of the participant. The percentage denotes the ratio of incorrect perceptions per    
  fricative presented to the participant. Note that the percentage of correct responses is left out in this table. 
 
Concerning the influence of the vowels on the fricatives, it is interesting to note that there 
seems to be an influence of [oʊ] on the perception of the following fricative, as the fricative [s] is 
never judged as [v] when [a] or [i] precedes the fricative, but when [oʊ] precedes it, [s] is perceived 
as [v] in 7,5% of all stimuli containing the fricative [oʊs]. [z] is also judged as [v] in 7,4% of all 
cases of [oʊz].  
 
 4.4 | Recording quality 
 For the effects of recording quality – the main focus of this thesis – a oneway ANOVA 
showed that one or more recording qualities did indeed lead to significantly deteriorated 
perception, as this test yielded a significant effect for accuracy (F (6, 2357) = 2.715, p = 0.012) and 
for reaction time (F (6, 2357) = 5.166, p < 0.001). In order to find out which factors caused this 
effect, Bonferroni post-hoc tests were used, which showed that recordings which had a bit depth 
of 6 bit were the most important contributors to this main effect. These tests revealed that a 
significant difference in accuracy was to be found between recordings at 22 kHz (M = 0.93, SD = 
0.26) and at 6 bit (M = 0.84, SD = 0.37), p = 0.007. All other comparisons did not result in any 
significant result for accuracy. Concerning reaction time, comparisons of the 6 bit recording (M = 
1127, SD = 260) to all other qualities yielded significant effects, with the exception of recordings 
at a bit depth of 8 bit (M = 1074, SD = 200). These results show that participants had significantly 
more difficulty in perceiving stimuli at 6 bit than at any other recording quality. Surprisingly, a 
lower sample rate or an altered relative amplitude did not seem to have any significant effect on 
correct perception of the Dutch fricatives, as no significantly lower accuracy or higher reaction 
time was found for these factors. The means, standard deviations and significance values of all 
qualities concerning reaction time are shown in tables 13 – 16 below. The mean accuracy and 
reaction time are visualised in figures 10 and 11 below. 
A comparison of the recording qualities, split by fricative, also yielded some interesting 
results, as it was revealed that differences in recording quality did not affect the perception of all 
four fricatives in an equal manner. A oneway ANOVA showed that for accuracy, the fricatives [s], 
[v] and [z] were influenced by recording quality, but no significant effect could be found for [f]. 
Concerning reaction time, a oneway ANOVA showed that only for the fricative [z] a significant 
effect of recording quality was to be found and thus that a lower recording quality does not lead 
to significantly slower perception of the other three fricatives. The values corresponding to these 
findings are presented in tables 17 – 20 below. 
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 Mean SD 
Original 0.90 0.30 
Altered amp. 0.89 0.31 
22 kHz 0.93 0.26 
11 kHz 0.90 0.30 
16 bit 0.87 0.34 
8 bit 0.90 0.30 
6 bit 0.84 0.37 
Table 13: Mean and standard deviation of accuracy   Table 14: Mean and standard deviation of reaction time 
     of all recording qualities.       of all recording qualities. 
 
 Original 
Altered 
amp. 
22 kHz 11 kHz 16 bit 8 bit 
Original -      
Altered amp. n.s. -     
22 kHz n.s. n.s. -    
11 kHz n.s. n.s. n.s. -   
16 bit n.s. n.s. n.s. n.s. -  
8 bit n.s. n.s. n.s. n.s. n.s. - 
6 bit n.s. n.s. 0.007 n.s. n.s. n.s. 
Table 15: Significance values resulting from Bonferroni post-hoc tests of accuracy of all recording qualities. 
 
 Original 
Altered 
amp. 
22 kHz 11 kHz 16 bit 8 bit 
Original -      
Altered amp. n.s. -     
22 kHz n.s. n.s. -    
11 kHz n.s. n.s. n.s. -   
16 bit n.s. n.s. n.s. n.s. -  
8 bit n.s. n.s. n.s. n.s. n.s. - 
6 bit 0.001 0.000 0.001 0.015 0.001 n.s. 
Table 16: Significance values resulting from Bonferroni post-hoc tests of reaction time of all recording qualities. 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 10 & 11: Mean accuracy (0 to 1) and reaction time (ms) in a comparison of all recording qualities. 
 Mean SD 
Original 1056 202 
Altered amp. 1040 214 
22 kHz 1055 217 
11 kHz 1068 252 
16 bit 1127 260 
8 bit 1074 200 
6 bit 1058 238 
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 [f] [s] [v] [z] 
M SD M SD M SD M SD 
Original 0.76 0.43 0.96 0.19 0.92 0.27 0.96 0.20 
Altered amp. 0.77 0.43 0.98 0.15 0.89 0.31 0.96 0.19 
22 kHz 0.81 0.40 0.99 0.11 0.96 0.19 0.98 0.15 
11 kHz 0.77 0.42 0.98 0.15 0.94 0.24 0.98 0.15 
16 bit 0.77 0.42 0.84 0.37 0.93 0.26 0.98 0.15 
8 bit 0.80 0.40 0.97 0.17 0.85 0.36 0.99 0.11 
6 bit 0.85 0.36 0.96 0.19 0.80 0.40 0.78 0.41 
Table 17: Mean and standard deviation of accuracy of all fricatives, split per recording quality. 
 
 [f] [s] [v] [z] 
M SD M SD M SD M SD 
Original 1043 224 986 150 1159 188 1055 174 
Altered amp. 1056 190 1003 142 1132 214 1022 150 
22 kHz 1110 225 1026 174 1140 174 980 156 
11 kHz 1140 234 1022 197 1134 204 1042 184 
16 bit 1111 267 995 181 1149 231 1027 143 
8 bit 1063 198 1027 174 1155 213 1066 154 
6 bit 1096 246 1061 191 1218 221 1192 228 
Table 18: Mean and standard deviation of reaction time of all fricatives, split per recording quality. 
 
Fricative F df1 df2 p 
[f] 0.511 6 572 n.s. 
[s] 5.734 6 582 0.000 
[v] 2.937 6 572 0.008 
[z] 9.228 6 588 0.000 
Table 19: Values of a oneway ANOVA, showing the  Table 20: Values of a oneway ANOVA, showing the 
   influence of recording quality on accuracy,                       influence of recording quality on reaction 
   split per fricative.                      time, split per fricative. 
 
In using Bonferroni post-hoc tests, it was revealed that for accuracy, the stimuli including 
[s] were only significantly affected by a bit depth of 16 bit (M = 0.84, SD = 0.37), as all other 
recording qualities did not show any significant deterioration of accuracy. The fricatives [v] and 
[z] both showed a significantly lower accuracy for recordings of 6 bit, though for [v] the accuracy 
at a bit depth of 6 bit (M = 0.80, SD = 0.40) only differed significantly from 22 kHz (M = 0.96, SD = 
0.19; p = 0.011) and 11 kHz (M = 0.94, SD = 0.24; p = 0.047). For stimuli containing the fricative 
[z] however, perception of these stimuli at 6 bit was shown to be significantly worse than at any 
other recording quality (p < 0.001 for all comparisons). A slightly different result was found in 
recording quality, as for the fricatives [f], [s] and [v], no significant effect of recording quality was 
present. A more varied effect of the different factors of recording quality on the reaction time was 
found for stimuli containing [z]: again recordings at 6 bit proved to be more difficult to be 
perceived correctly, as participants responded significantly slower to recordings at this bit depth 
than to those at any other recording quality. Also, for stimuli containing [z], the recordings at 22 
kHz (M = 980, SD = 156) were shown to be perceived with a significantly lower reaction time than 
those at 8 bit (M = 1066, SD = 154), p = 0.032, although this effect is rather small. All significant 
results of the Bonferroni post-hoc tests are presented in table 21 on the next page. 
 
 
Fricative F df1 df2 p 
[f] 1.902 6 572 n.s. 
[s] 1.740 6 582 n.s. 
[v] 1.715 6 572 n.s. 
[z] 12.434 6 588 0.000 
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 Original 
Altered 
amp. 
22 kHz 11 kHz 16 bit 8 bit 
16 bit [s] – Acc [s] – Acc [s] – Acc [s] – Acc -  
8 bit   [z] – RT  [s] – Acc - 
6 bit 
[z] – Acc 
[z] – RT 
[z] – Acc 
[z] – RT 
[v] – Acc 
[z] – Acc 
[z] – RT 
[v] – Acc 
[z] – Acc 
[z] – RT 
[s] – Acc 
[z] – Acc 
[z] – RT 
[z] – Acc 
[z] – RT 
 
Table 21: Significant differences resulting from Bonferroni post-hoc tests of accuracy and reaction time of all recording  
   qualities, per fricative. [f] denotes the fricative for which a significant result was obtained, Acc denotes that the  
   significant effect was found in comparing the accuracy, RT in reaction time.
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 5 | DISCUSSION 
 
 The research question of this thesis was stated in the background section (2.4) as “To 
which extent does quality of recording affect the perception of Dutch fricatives?” As an answer to 
this question, the hypothesis was posited that there will be a positive correlation between 
recording quality and perception, thus accuracy will decrease and reaction time will increase 
when recording quality is worsened. Three factors were chosen to be used as recording quality: 
the sample rate, the bit depth and the relative amplitude. In total, seven levels of quality were 
determined: the original recording (non-altered, 44 kHz, 32 bit), an altered amplitude and 
recordings at 22 kHz, 11 kHz, 16 bit, 8 bit and 6 bit. 
 In the background section 2.3 (Recording quality), it was pointed out that Ladefoged 
(1996) and Bowern (2008) stated that 22 kHz was the most common sample rate among linguists. 
Furthermore, Ladefoged stated that for most phonetic analyses, a sample rate of 11 kHz would be 
sufficient. Data from the experiment performed for this thesis showed that there was only a 
significant difference found for the 6 bit recordings, and no deteriorating effect could be found for 
the sample rate or for the altered relative amplitude. Also, a significant effect for accuracy in 
comparing the different recording qualities of the stimuli including [s] was found for 16 bit – this 
significance could not be explained, and since no comparable effect was found for any other 
fricative, this is believed to be an artefact in the data. It can thus be concluded that the advice as 
stated by Bowern and Ladefoged is correct, as no data used for perception is lost in recordings 
with a sample rate of 11 kHz or higher, though this only accounts for these theories as far as Dutch 
fricatives are concerned. 
The hypothesis proposed by Ladefoged (1996) that any recording at 16 bit will record all 
sounds any human can possibly hear without damage to the ear is supported by these findings. 
However, it seems that Ladefoged advices against using a bit depth of 8 bit, as this setting will not 
capture sounds at the highest levels of perceivable intensity, though the findings reported in this 
thesis show that even at 8 bit, perception of Dutch fricatives does not deteriorate. No support was 
found for the theory that relative amplitude forms an important cue for fricative perception (Ali 
et al., 2001; Behrens & Blumstein, 1988; Hedrick & Ohde, 1993), as the participants did not show 
any more difficulty in perceiving stimuli where the relative amplitude was neutralized.  
 Concerning the other variables included in the stimuli, a significant effect was found in a 
comparison of the vowels [oʊ] with [a] and [i]: accuracy was significantly lower for [oʊ] and the 
participants had a significantly higher reaction time to this vowel. It is also interesting to note that 
when the vowel [oʊ] preceded an [s] or [z], these fricatives were perceived incorrectly as [f] or [v] 
at a higher rate than with the vowels [a] or [i]. This effect could be explained by the fact that the 
vowel [oʊ] is a diphthong in Dutch, having quite a labial offglide. It is possible that this offglide 
interferes with the perception of the alveolar fricative, making it hard for the listener to isolate 
the fricative and perceiving it as a labiodental fricative [f/v] instead. 
 Also, [f] and [v] are shown to be confused more often than [s] and [z] – this could partly be 
explained by the supposition that most of the dialects of Dutch have lost the distinction between 
[f] and [v], realising both as [f], a process already partly explained in section 2.1 (Dutch fricatives). 
The difference between [s] and [z] however, is preserved more strongly in most dialects. The 
places of articulation are almost never confused, giving only a marginal confusion rate of the 
fricatives [f/v] against [s/z]. 
 Finally, only one sociolinguistic variable yielded a significant effect: the education of the 
participant. The participants were divided into two groups: those who study Linguistics, and those 
who do not. On average, the students of Linguistics had a higher accuracy and a slightly lower 
reaction time – whereas accuracy provided a significant difference, reaction time did not. The 
effect found in accuracy is probably explained by the fact that Linguistics students have had 
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considerable practice in distinguishing different phones in languages in the world – a recurrent 
part of the curriculum at Leiden University – thus distinguishing between the fricatives will 
probably be more difficult for the non-Linguistics students. In fact, Linguistics students have also 
been studying the Dutch phonology, possibly creating more awareness of neutralization of 
fricatives in Dutch, where /v/ and /z/ will be reduced to /f/ and /s/ respectively in certain 
contexts (see section 2.1, Dutch fricatives). This awareness might have stimulated correct 
perception of the voicing of these fricatives, causing a higher accuracy for the Linguistics students. 
The fact that no significant difference is found in reaction time, can again be explained by the 
curriculum of the Linguistics students: most of the participants were in their first or second year, 
having little to no experience with perception experiments. Also, the awareness of neutralization 
of Dutch fricatives which students of Linguistics have, might negatively influence their reaction 
time: as they are aware of the fact that voicing is lost in certain contexts, they might take more 
time in correctly determining the fricative, increasing their reaction time. Still, these students have 
been trained more in perceiving these fricatives than other students, causing these two factors to 
balance each other out. Thus, on reaction time, they have almost no advantage over the non-
Linguistics students, although the Linguistics students did respond slightly (but not significantly) 
quicker than students of programmes other than Linguistics.
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 6 | CONCLUSION 
 
 As this thesis wanted to provide a basis for further research on perception in different 
recording qualities, much care was given to the methodology section. Still, an experiment was 
performed to search for any effect of recording quality on the perception of four Dutch fricatives. 
Interestingly, almost no significant effect between different recording qualities was found – only 
comparisons with stimuli altered to be similar to recordings at 6 bit showed significantly worse 
perception. This finding was to be expected, since many fieldwork manuals do not even consider 
a bit depth of 6 bit in their advice, taking 16 bit as the minimum requirement. 
 A more interesting finding however, concerning the methodological implications, is the 
fact that no significant differences were found for 16 or 8 bits, nor for the different sample rates 
(44 kHz, 22 kHz and 11 kHz). This would implicate that recordings made at 11 kHz would still be 
sufficient to correctly perceive the fricatives [f, s, v, z] – for average Dutch ears at least. As none of 
these three sample rates seem to deteriorate perception, linguistic fieldworkers might consider 
choosing a sample rate of 11 kHz to save space on their storage devices, without losing valuable 
speech data. Even though many fieldwork manuals leave out a bit depth of 8 bit in their advice, 
the findings in this thesis implicate that this setting might actually render good-enough recordings 
which still contain recognisable and correctly perceivable spoken language. 
 Another implication could be seen in the absence of any significant effect concerning the 
altered relative amplitude: although this factor is presented as an important cue to correctly 
perceive fricatives, no deteriorating effect on the perception could be found when the ratio 
between the fricative and the preceding vowel (a common definition of relative amplitude) was 
made equal for all fricatives. This might indicate that although an incorrectly placed microphone, 
causing distorted recordings of fricatives and plosives, may indeed influence the relative 
amplitude of fricatives, this effect does not seem to lead to worse perception. Also, whereas lower 
quality microphones are expected to lead to less accurate relative amplitude recordings, this too 
might not seem to influence perception as a significant factor. Judging from these findings, it seems 
that even recordings made with low quality microphones can still serve as a valid source for 
linguistic research. 
 Combining all results of the perception experiment, they hint towards a possibility of 
choosing lower quality settings in order to increase the amount of data that can be recorded in a 
remote location without easy access to modern-day technology resources (as is the case in many 
linguistic fieldwork projects, for example deep in the Amazonian jungle). This possibility is 
supported by the fact that choosing a higher quality recording does not lead to significantly better 
perception, indicating that the extra data recorded is not necessary for comprehension of spoken 
language. Also, lower quality equipment might be chosen when no high-quality recording devices 
are available or cannot be obtained within the set budget. It can thus be advised that making any 
recording of speech data whenever possible in linguistic fieldwork is to be preferred above not 
recording the language at all, as it is shown that even low-quality data can be perceived correctly.  
 Recordings made in past linguistic fieldwork decades ago is often seen as not useful, as the 
quality of recording devices in these ages was quite low compared to modern-day standards. The 
findings presented in this thesis, however, show that even these low-quality recordings cannot be 
simply ignored and have a high chance of still being perceived correctly by listeners of that 
language. Even though the signal-to-noise ratio might be lower in these old recordings, high 
frequencies might be absent due to low sample rates or the relative amplitudes of fricatives might 
not be perfectly recorded, it is shown that, still, perception does not worsen significantly.  
Further research will clearly be necessary to determine whether these findings are also 
found in experiments with a similar set up but based on other languages – preferably a language 
with a large consonant inventory. It is very important to note that all advices, hypotheses and 
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findings as stated in this thesis only account for perception of Dutch fricatives. Thus, whereas it 
can be concluded that a sample rate of 11 kHz or a bit depth of 8 bit will be sufficient to perceive 
Dutch fricatives, it cannot be safely stated that the same settings will guarantee a correct 
perception of Igbo fricatives, as an example. Also, other classes of sounds are generally perceived 
by using a different set of cues, thus implying that other factors in recording quality may 
deteriorate correct perception or that one of the three factors used in this research might actually 
lead to significantly worse perception. As many recordings made in linguistic fieldwork are not 
studied by a native speaker of the recorded language, it will be interesting to conduct an 
experiment that aims to study the perception of non-native speakers under different recording 
qualities.   
Finally, it is still unclear whether combining two or more factors that lead to a lower 
recording quality will cause significantly worsened perception, as this study only focussed on one 
isolated factor at a time. Thus, whereas it is stated above that lower quality recording equipment 
might suffice for linguistic fieldwork, it cannot be concluded that any recording device will render 
recordings that can be perceived without difficulty, as a combination of a lower sample rate and a 
lower bit depth, for example, might still lead to significantly deteriorated perception. Further 
research will be necessary to determine whether a combination of lower settings will still suffice 
for recordings made for linguistic research.  
 In sum, the experiment reported on in this thesis only forms a start for further research, 
which will have to be expanded to more fricatives, more sound classes and more languages. Still, 
the findings in this experiment give some rather interesting insights in the perception in several 
recording qualities, and have proven to the many doubting linguistic fieldworkers that the settings 
they choose might not influence the quality of their recording as much as they might have been 
made to believe. 
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 8.1 | APPENDIX 1 | VISUALISATION OF STIMULI 
 
Oscillogram (left) and spectrum (right) of the original recording of the [s] in the stimulus [tasə]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oscillogram of the [s] in the stimulus [tasə] with altered relative amplitude. 
 
Oscillogram of the [f] in the stimulus [tafə] – original (right) and with altered relative amplitude (left). 
Perceiving Fricatives in Harsh Circumstances  Appendix 
Thomas Jansen 
28 
 
 
Spectra of the [s] in the stimulus [tasə] with a sample rate of 22,050 Hz (left) and of 11,025 Hz (right). 
Oscillograms of the [s] in the stimulus [tasə] with a bit depth of 16 bit (left) and of 8 bit (right). 
Spectra of the [s] in the stimulus [tasə] with a bit depth of 16 bit (left) and of 8 bit (right). 
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Oscillogram (left) and spectrum (right) of the [s] in the stimulus [tasə] with a bit depth of 6 bit. 
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 8.2 | APPENDIX 2 | PRE-TEST 
 
Leeftijd: ________________________ 
Geslacht  
▢ man ▢ vrouw  
Ben je links- of rechtshandig? 
▢ links ▢ rechts 
Typ je met 10 vingers? Kun je blind typen? 
▢ ja ▢ nee ▢ ja ▢ nee 
In welke regio ben je geboren?  
▢ België ▢ Zeeland ▢ Overig N-Holland ▢ Veluwe 
▢ Amsterdam (stad) ▢ Goeree-Overflakkee ▢ Friesland ▢ Betuwe 
▢ Leiden (stad) ▢ Westland ▢ Groningen (stad+regio) ▢ Reg. Nijmegen 
▢ Den Haag (stad) ▢ Overig Z-Holland ▢ Drenthe ▢ N-/M-Limburg 
▢ Rotterdam (stad+regio) ▢ Regio Haarlem ▢ Twente ▢ Zuid-Limburg 
▢ Utrecht (stad) ▢ Regio Purmerend ▢ Achterhoek ▢ Noord-Brabant 
▢ Regio Utrecht ▢ N-Holland Noord ▢ Regio Arnhem ▢ Flevoland 
▢ Anders binnen Nederland: __________________________________________________ 
▢ Anders buiten Nederland, namelijk: ___________________________________________ 
 
Heb je in deze regio ook je hele leven gewoond? 
▢ ja ▢ nee – waar heb je nog meer gewoond en op welke leeftijd? 
 ▣ ___________________________ ▣ ___________________________ 
 ▣ ___________________________ ▣ ___________________________ 
Is Nederlands je moedertaal? 
▢ ja ▢ nee – vul in welke taal je moedertaal is: _______________________ 
Welke talen spreek je verder nog? 
 ▣ _______________________ ▣ _______________________ 
 ▣ _______________________ ▣ _______________________ 
 ▣ _______________________ ▣ _______________________ 
 
  
Welke studie volg je? 
▣  
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 8.3 | APPENDIX 3 | TRANSLATED PRE-TEST 
 
Age: ________________________ 
Gender  
▢ male ▢ female  
Are you left- or right-handed? 
▢ left-handed ▢ right-handed 
Can you type with 10 fingers? Are you able to use touch-typing? 
▢ yes ▢ no ▢ yes ▢ no 
In which region are you born?  
▢ Belgium ▢ Zeeland ▢ Other N-Holland ▢ Veluwe 
▢ Amsterdam (city) ▢ Goeree-Overflakkee ▢ Friesland ▢ Betuwe 
▢ Leiden (city) ▢ Westland ▢ Groningen (city+region) ▢ Nijmegen reg. 
▢ Den Haag (city) ▢ Other Z-Holland ▢ Drenthe ▢ N-/M-Limburg 
▢ Rotterdam (city+region) ▢ Haarlem region ▢ Twente ▢ Zuid-Limburg 
▢ Utrecht (city) ▢ Purmerend region ▢ Achterhoek ▢ Noord-Brabant 
▢ Utrecht region ▢ N-Holland Noord ▢ Arnhem region ▢ Flevoland 
▢ Elsewhere within the Netherlands: __________________________________________________ 
▢ Elsewhere outside the Netherlands, namely: ___________________________________________ 
 
Have you lived in this region your entire life? 
▢ yes ▢ no – where else have you lived and at what age? 
 ▣ ___________________________ ▣ ___________________________ 
 ▣ ___________________________ ▣ ___________________________ 
Is Dutch your first language? 
▢ yes ▢ no – please fill in your first language: _______________________ 
Which other languages do you speak? 
 ▣ _______________________ ▣ _______________________ 
 ▣ _______________________ ▣ _______________________ 
 ▣ _______________________ ▣ _______________________ 
In which programme are you enrolled? 
▣  
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 8.4 | APPENDIX 4 | PARTICIPANT METADATA 
 
 
 N Percentage 
Gender male 14 41.2% 
female 20 58.8% 
 
Education Linguistics 21 61.8% 
Non-Linguistics 13 38.2% 
           of which… 
OCMW 1 7.69% 
Japanstudies 1 7.69% 
History 1 7.69% 
Film & Literature Science 1 7.69% 
Psychology 1 7.69% 
Pedagogical Sciences 4 30.77% 
Mathematics 1 7.69% 
Optometry 2 15.38% 
Sports and P.E. 1 7.69% 
 
Handedness right-handed 31 91.2% 
left-handed 3 8.8% 
 
Able to type with 
ten fingers 
yes 17 50.0% 
no 17 50.0% 
 
Touch-typing yes 20 60.6% 
no 13 39.4% 
 
Region born Other Zuid-Holland 8 23.5% 
Rotterdam 6 17.6% 
Leiden 4 11.8% 
Veluwe 4 11.8% 
Utrecht 2 5.9% 
Amsterdam 1 2.9% 
Drenthe 1 2.9% 
Friesland 1 2.9% 
Nijmegen region 1 2.9% 
Other Noord-Holland 1 2.9% 
Salland 1 2.9% 
Twente 1 2.9% 
Westland 1 2.9% 
Outside NL 2 5.9% 
           of which… 
Indonesia 1 50.0% 
Russia 1 50.0% 
 
Dialectal region 
born 
Hollands (city) 11 32.4% 
Hollands (provincial) 10 29.4% 
Dutch Low Saxon 13 38.2% 
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First language Dutch 32 94.2% 
Russian 1 2.9% 
Frisian 1 2.9% 
 
Other languages 
spoken 
English 32 94.1% 
French 14 41.2% 
German 15 44.1% 
Spanish 5 14.7% 
Norwegian 1 2.9% 
Lithuanian 1 2.9% 
Polish 1 2.9% 
Arabic 1 2.9% 
Italian 1 2.9% 
Japanese 1 2.9% 
Frisian 1 2.9% 
Swedish 1 2.9% 
 
 
